Two experiments were conducted to determine the influence of 15.6 and 29.4°C. environmental temperatures on 2-to 4-week broiler lysine requirements. Weights for 4-week-old cockerels were maximum when either 1.10% dietary lysine in the 15.6°C. environment or 1.00% dietary lysine in the 29.4° C. environment were fed. Feed was used more efficiently by 4-week old cockerels fed either 1.10% dietary lysine in the 15.6°C. environment or 0.95% dietary lysine in the 29.4° C. environment.
INTRODUCTION
reported that the lysine requirement of chicks is 0.96% of the diet. Milligan et al. (1951) , Hill (1953) and Schwartz et al. (1958) reported that the lysine requirement of your broiler chicks is 1.00-1.10% of the diet. More recently, Velu et al. (1972) reported that body weights were maximized and feed consumptions reduced at a dietary lysine level of 0.95%. Edwards et al. (1956) , Mitchell (1959) and Summers and Fisher (1961) reported that the lysine requirements of chicks are related to rate of growth. Edwards et al. (1956) reported that the lysine requirement was 0.90% of the diet with slow growing birds and 1.10% of the diet with fast growing birds.
Researchers agree that elevated temperatures reduce feed consumption (Huston, 1965; Mickelberry et al., 1966) . Amino acid requirements, usually expressed as a percent of diet, may vary because of reduction in feed consumption at higher environmental temperatures. Salmon (1958) reported that when a single amino acid is present in an animal's diet at levels not capable of supporting maximum synthesis of tissue proteins, any amino acid not fully used is in excess and must be eliminated from the body. Lewis and D'Mello (1967) reported that an excess of one amino acid enhances general catabolism and excretion of all amino acids, thus encourages the loss of other amino acids inadvertently. The mechanism may lead to a deranged pattern of free amino acids and, thereby, encourages the loss of the target amino acid. May et al. (1972) reported plasma alanine, arginine, and tyrosine were reduced, but cystine, ornithine, and lysine were higher for chicks reared at 7.2 C. than for chicks reared in a 32.2 C. environment. These workers also reported that essential plasma amino acid concentrations were approximately 8% less in birds reared in the warm environment than in birds reared in the cool environment. Ohno and Tasaki (1972) reported that adult cockerel plasma free lysine was constant when dietary lysine increased from 0.21 to 0.63%, but was greater when dietary lysine was further increased up to 1.47%. Threonine, tryptophan, serine and alanine increased with an increase of dietary lysine from 0.21 to 1.47%. Arginine was constant when dietary lysine increased. Waldroup et al. (1976) reported that diets with minimal excesses of added amino acids may be formulated and may result in improved performance under heat stress without impairing performance under more moderate environmental conditions. Kubena et al. (1972) reported that in an attempt to compensate for the reduced feed consumption, dietary amino acid consumption, or protein consumption at higher environmental temperatures, diet nutrients are normally increased 5 to 10%. Because lysine is the second most limiting amino acid in practical poultry diets and may, or may not, be added in sufficient quantities to meet the bird's metabolic needs under high and low environmental temperature conditions, a study was conducted to determine: (1) the lysine requirements of 1-day-old to 4-week-old broiler cockerels as affected by environmental temperature; and (2) the effect of dietary lysine and growth on blood plasma free amino acids.
EXPERIMENTAL PROCEDURE
In two experiments, 1280 one-day-old cockerels were placed in environmental chambers described by Reece and Deaton (1969) to provide two environmental temperature regimes. Chicks in both regimes were brooded in batteries for 7 days at 32.2 C. Temperature for one group of cockerels in each experiment was then decreased to 23.9 C. until they were 14 days old. The temperature for these cockerels was then lowered to 15.6 C. and remained at this temperature until the chicks were 28 days old. The temperature for the other group of cockerels was decreased to 29.4 C. when they were 7 days old and remained at this temperature until they were 28 days old. For simplicity, the temperatures are called cool environment (15.6 C.) and warm environment (29.4°C).
A corn-sesame meal-corn gluten meal diet was fed in experiment 1, and a corn-soybean meal-corn gluten meal diet was fed in experiment 2 (Table 1) . L-lysine HCl (98%) was added to the basal diet in 0.05% increments to furnish dietary lysine levels of between 0.80 and 1.15% in experiment 1 and between 0.85 and 1.20% in experiment 2. Diets in both experiments were fed to four replicates of 10 chicks each from 1 day to 28 days old. Chick weights were determined at 14 and 28 days old and feed efficiencies were determined for the 0-to 14-and 0-to 28-day test period.
Blood was collected from three 4-week-old birds from each replicate in experiment 2 by heart puncture and pooled for amino acid analyses. Pooled blood plasma for each diet was obtained by centrifugation and was deproteinized by the method reported by Schraff and Wool (1964) . Plasma free amino acids were determined by a Techniconi* 2 amino acid analyzer. Plasma tryptophan and ornithine concentrations were not determined.
A factorially-arranged randomized complete block design was used in each experiment conducted. Data were examined statistically by analysis of variance (Steel and Torrie, 1960 ). Significant differences among means were separated by Duncan's new multiple range test (1955) . All statements of significant differences refer to the 5% level of probability.
RESULTS AND DISCUSSION
Experiment 1. Dietary lysine levels of between 0.80 and 1.15% in 0.05% increments were fed in experiment 1 to determine lysine requirement as related to environmental temperature. Weights were maximum for 2-weekold cockerels fed 1.05% dietary lysine in both cool and warm environments (Table 2) . Composite 2-week-old cockerel weights were not significantly different between environments. However, 4-week-old cockerel weights were maximum when they were fed either 1.00% dietary lysine in the cool environment or 0.95% in the warm environment. Significantly larger 1 Technicon Industrial Systems, Tarrytown, N.Y. 10591.
2 Mention of a trade name, proprietary product, or specific equipment does not constitute a guarantee of warranty by the U.S. Department of Agriculture and does not imply its approval to the exclusion of other products that may be suitable. composite 4-week chick weights were found in the cool environment as compared to the warm environment.
Feed conversion results are shown in Table  3 . A lower dietary lysine level (1.00%) was required to use feed more efficiently during the 0-to 2-week growing period than was required to maximize weight of 2-week-old cockerels (1.05%; see Table 2 ) in either experiment. Feed was most efficiently used when 1.00% and 0.95% dietary lysine were fed to chicks reared in the cool and warm environments, respectively, during the 0-to 4-week growing period.
Lysine requirement for 2-to 4-week-old cockerels was greater in the cool environment than in the warm environment. Because 4-week-old cockerels in the cool environment were larger, these results compare to those of Edwards et al. (1956) and Mitchell (1959) who suggested that lysine requirement increases as percentage growth increases. Mitchell (1959) suggested differences in amino acid needs were based upon differences in percentage growth rate and the requirement for tissue maintenance. Lysine requirements in this experiment were very similar to that found by Milligan et al. (1951); Hill (1953) ; Schwartz et al. (1958) and Velu etal. (1972) . Edwards et al. (1956) found that when wheat gluten was fed as the protein source, growth was maximum at a lysine level of 0.90%. Edwards also found that when sesame meal was used as the protein source, larger growth was obtained at 1.10% dietary lysine. Because they found differences in lysine re- quirements as a result of different growths when different protein sources were fed, experiment 2 was conducted to determine lysine requirements of broiler chicks at different environmental temperatures when soybean meal was fed as the protein source in place of sesame meal.
Experiment 2. Chick weights were lower when a corn-sesame meal-corn gluten meal basal diet was fed in experiment 1 than had been experienced when practical corn-soybean meal diets were fed in similar battery trials at this station. Corn gluten meal is one protein that is low in lysine. Therefore, corn gluten meal was used to formulate a low lysine basal when corn and soybean meal were the basic ingredients. The lysine level of the corn-soybean meal-corn gluten meal basal diet used in experiment 2 (Table 1) Tables 4 and  5. Higher dietary lysine levels were required to maximize weights of 4-week-old cockerels in the cool environment than in the warm environment (Table 4) . Temperatures in the cool environment were lowered from 32.2 C. to 23.9 C. when test chicks were 7 days old and remained at this temperature until chicks were 14 days old; thus, environmental temperatures had an impact at a very early age. A dietary lysine level of either 1.05% for 2-week-old cockerels or 1.00% for 4-week-old cockerels was required to maximize chick weights in the warm environment.
Feed was more efficiently used when 1.05% dietary lysine was fed to 1-day-old to 2-weekold cockerels reared in either the cool or the warm environment (Table 5) . Feed was also more efficiently used when 1.05% dietary lysine was fed to 1-day-old to 4-week-old cockerels in the cool environment. However, in the warm environment feed was more efficiently used when 0.95% dietary lysine was fed to 1-day-old to 4-week-old cockerels. Average feed conversion was less in the cool environment.
Plasma free amino acid concentrations for 4-week-old cockerels fed different dietary lysine levels are shown in Table 6 (cool environment) and Table 7 (warm environment). Total plasma free amino acids reached a peak at 1.05% dietary lysine in the cool environment and 0.95% dietary lysine in the warm environment.
Plasma free lysine of 4-week-old cockerels increased with increasing dietary lysine until the dietary lysine level of 1.05% was reached (Table 6 ). Threonine decreased with increasing dietary lysine levels for chicks reared in the cool environment. Plasma free arginine was greater for chicks reared in the cool environment when 0.90% dietary lysine as compared to 0.85% dietary lysine was fed.
When chicks were reared in the warm environment, plasma free lysine increased with increasing dietary lysine levels ( Table 7) . As was apparent in the cool environment, plasma threonine decreased with increasing dietary lysine until the dietary lysine level of 1.10% was fed to chicks. Differences in plasma arginine due to feeding dietary lysine were not significant.
Differences in glutamic acid in the cool environment were not significant. Also, when chicks were reared in the warm environment, differences in histidine, phenylalanine, arginine, alanine, and glycine due to feeding dietary lysine were not significant. Total plasma free amino acids were approximately 25% greater from chicks grown in the cool environment than from chicks grown in the warm environment (Tables 6 and 7) . 
